ABSTRACT. During the two-month rearing period, the effect of four water temperatures (15°C, 20°C, 25°C and 30°C) on survival rate, number of molts, and growth rate (molt increment and intermolt period) of juvenile Macrobrachium borellii Nobili, 1896 and Palaemonetes argentinus Nobili, 1901 prawns was evaluated in laboratory conditions. The two species showed some similarities in their both survival and growth pattern at different temperatures. The survival rate was highest at 20°C and 25°C, decreasing at the lowest temperature. The number of molts increased at higher temperatures, ranging the intermolt period from 22.2 days to 9.9 days, for M. borellii, and from 20.8 to 9.5 days for P. argentinus, corresponding those values to 15°C and 30°C, respectively. No difference between species was noted in the intermolt period. The size increment by molting increased significantly from 15°C to 25°C, whereas a reduction in the growth of prawns was observed at 30°C. Significant differences among temperatures were found in the slope of regressions between the size increment by molting and the cephalothorax length. M. borellii showed a significantly higher tolerance to elevated temperature and a faster growth (about twice at 25°C) than P. argentinus. These differences could provide M. borellii a competitive advantage for a better adaptation to the dynamic of freshwater environment, especially in areas with anthropogenic impact.
Among littoral communities, Macrobrachium borellii Nobili, 1896 and Palaemonetes argentinus Nobili, 1901 are the most abundant palaemonids in the lagoons and streams of the Paraná River floodplain in South America (Boschi, 1981; Lopretto, 1995) , having their entire life cycle in fresh water (Menu-Marque, 1973; JaLihaL et al., 1993) . In these environments, several factors such as seasonal changes in temperature and hydrometric level influence the biology and ecology of decapods fauna (coLLins, 1999) . Several records show that water temperature fluctuates during the year between values higher than 30°C and lower than 10°C, following the climate pattern described for latitudes of 28°-32°S (Drago & paira, 1987; Bonetto & Wais, 1995; Drago, 2007) . Also according to these authors, at those latitudes the water level of the Paraná oscillates about 2.5 m throughout the year. In period of high water (i.e., from September to March), the high density of floating hydrophytes in the lagoons and streams influences the diurnal water temperature fluctuation by a reduction in the radiant energy, resulting in changes in the temperature profile of the water column below them (Drago, 2007; saBattini & LaLLana, 2007) . Moreover, the period of low water occurs during the winter, in coincidence with lower temperatures and regional precipitation (coLLins, 2005) . The permanent presence of decapods in these fluctuating environments suggests that they should have developed several adaptive mechanisms.
Crustaceans grow by periodically shedding their hard exoskeleton, in a discontinuous process involving a succession of molts (or ecdysis) separated by intermolt periods (hartnoLL, 1982) . The size increase at molt (molt increment), as well as the duration of the intermolt period may change depending on many factors, being temperature one of the most relevant that may affect neurohormonal functions and the ecdysis cycle (passano, 1960; Kurata, 1962) . In addition, temperature has a great influence on metabolic rate, food conversion efficiency and energy flow, and hence the growth of crustaceans (Díaz-herrera et al., 1994; thoMas et al., 2000; angiLLetta, 2001; Wu & Dong, 2002; pagLianti & gherarDi, 2004) . The influence of temperature on ectotherm organisms depends on the species distribution, range of thermal tolerance, and acclimatization occurring in response to the environmental fluctuations (schMiDtnieLsen, 1997). Despite of the extensive studies made in both laboratory and field, there is still a lack of information on the effect of temperature on the growth and survival of prawns of genus Macrobrachium and Palaemonetes (Jefferies, 1964; BonD & BucKup, 1988; Díaz et al., 2002; feLix & petrieLLa, 2003; Manush et al., 2006) .
In the present study, the survival and growth of M. borellii and P. argentinus in laboratory were analyzed at different controlled water temperatures, under optimal food conditions. In addition, the most efficient temperatures for their growth were identified for each species.
MATERIAL AND METHODS
Juveniles of M. borellii and P.argentinus were collected during 2009 at the Salado River, a tributary of the Paraná River, in the Province of Santa Fe, Argentina (31°39'S and 60°41'W). They were preliminarily acclimated to indoor laboratory conditions for three days in two aerated glass containers (100 x 50 x 30 cm) of 150 L each, at 25°C. Subsequently, prawns of each species were randomly subdivided into four groups (25 animals each), and maintained separately in four aerated glass aquaria (60 x 25 x 30 cm) of 45 L each, for an eight-day temperature acclimation period. During this period, the water temperature of the aquaria was gradually adjusted (2°C per day) and maintained at the desired temperature for 3-5 days. Throughout the experiment, dissolved oxygen levels were maintained between 5.5 to 7.0 mg l -1 , pH ranged from 7.6 to 8.1, conductivity ranged from 900 to 500 µS cm -1
, while hardness averaged 110 mg l -1 (as CaCO 3 equivalents). Temperature, dissolved oxygen, pH and conductivity were checked daily by means of HANNA recorders. Total hardness was measured by the EDTA titrimetric method (apha et al., 2005) .
Photoperiod was set to 14 h light and 10 h darkness (light intensity: 20 μE m -2 s -1 ). Four temperature regimes: 15°C, 20°C, 25°C, and 30°C (± 1°C) were chosen for these experiments, for both M. borellii and P. argentinus. In order to prevent cannibalism during the trials, prawns assigned to each glass aquarium (25 specimens) were kept individually within a plastic cage (8 cm diameter x 7 cm height), whose walls had small holes allowing water exchange, in order to ensure a similar temperature and water quality in the same treatment. In each aquarium, water temperature was fixed at a different value, checking it daily. A cooler was used to maintain a constant 15°C or 20°C water temperature, while no device was necessary for the 25°C treatment. Water temperature was maintained at 30°C by means of a thermostat-controlled immersion heater (100 W, Atman). In each temperature regime, cages were also numbered to recognise each prawn and therefore follow its growth individually.
During the two-month rearing period, all prawns were daily provided with food ad libitum, six to seven days a week, and also checked for molting and mortality. The food consisted of fresh fish and artificial diet previously prepared in laboratory. This artificial diet was prepared according to coLLins & petrieLLa (1996) , using soy flour, starch, wheat gluten, corn meal, fish meal, prawn meal and vitamins (36% proteins and 10% lipids). Before feeding, excess of food from the previous day, as well as feces, were siphoned out from the aquariums; water lost (about 10%) was immediately refilled with water previously adjusted at the proper temperature. The cephalothorax length (CL, in mm) was used as the size reference measure. In order to reduce stress from handling, CL was determined by measuring the exuvia (chuL-Woong & hartnoLL, 2000) , from the tip of the rostrum to the posterior margin at the dorsal midline (standard length, fitzpatricK, 1977) , with an electronic calliper (± 0.01 mm, SCHWYS IP54) and by under a stereoscopic microscope (MOTIC). Mean CL at the beginning of the experiment was 7.07 (± 0.91) mm and 7.00 (± 0.81) for M. borellii and P. argentinus respectively. The initial length did not differ among species (ANOVA, p = 0.5711) nor between temperature treatments (ANOVA, p = 0.9946 for M. borellii and p = 0.9985 for P. argentinus).
In each temperature treatment, survival, number of molts, CL, and intermolt period of prawns were recorded. Survival was analysed by comparing the percentage of animals that survived until the end of the rearing period. The number of molts at each temperature was calculated as (N m / N i ), where N m is the number of molted prawns, and N i is the number of alive individuals per treatment, at the end of the experiment. Molt increment (MI) was defined as MI (%) = (CL -CL t ) / CL t ) x 100 (hartnoLL, 1982) , where CL t and CL t+1 are the premolt and postmolt cephalothorax length, respectively. The intermolt period (IP, in days) was determined by the interval time between successive molting events.
The statistical comparison among temperature treatments was carried out by means of a one-way analysis of variance (ANOVA). Prior to ANOVA, data were examined for normality and homogeneity, using the chi square and Bartlett's tests. Differences were tested using Tukey's test, according to zar (1996) . The IP-CL (premolt) and MI (%)-CL (premolt) relationships were fitted by regression to obtain the temperature response curves. Analyses of covariance (ANCOVA) were performed to compare among temperatures the slopes in IP-CL (premolt), and MI (%)-CL (premolt) regressions. Statistical analyses were run by using PAST (Paleontological Statistics), version 2.02 (haMMer et al., 2001) .
RESULTS
In both species, survival was high in prawns reared at 20°C and 25°C, significantly decreasing at lower or higher temperatures (p < 0.0001, Fig. 1 ). Only at 30°C, there was a significant (p = 0.0110) difference in survival between species, with a survival reduction more evident in P. argentinus (52%) with respect to M. borellii (24%).
In both species, there was a significant (p < 0.05) increase in the number of molts with the increment of temperature (Fig. 2) . For P. argentinus, the highest number of molts was detected at 30°C. Moreover, the number of molts was significantly different between species, at either 20°C or 25°C (p < 0.0001 for 20°C, and p = 0.0047 for 25°C). At these temperatures, P. argentinus molted, on average, more than four times during the two-month period, while M. borellii molted, on average, near three times.
Temperature determined significant differences in the duration of intermolt period for each species (p < 0.0001). On the other hand, Tukey's test showed significant differences between species at each temperature, except at 30°C (p < 0.05) (Tab. I).
Duration of the intermolt period increased significantly in the successive molt cycles only in M. borellii at 20°C, 25°C, and 30°C (p = 0.0006 for 20ºC, p = 0.0222 for 25°C, and p = 0.0176 for 30°C), whereas no differences were found for P. argentinus (p < 0.05). On the other hand, the duration of the intermolt period was directly proportional to the increase in size, with a significant linear relationship among both variables, at any temperature (Tab. II). Significant differences (p < 0.05) between temperatures were observed in growth coefficients of M. borellii, while no differences (p > 0.05) were detected in P. argentinus (Tab. II).
Temperature variation had a significant effect on the percentage of molt increment only in M. borellii at 25°C and 30°C (Tukey's test, p < 0.0001). Furthermore, the molt increment showed significant differences between species at each temperature (Tab. I).
No significant differences (p > 0.05) were seen in the percentage of molt increment between the successive molt cycles of both species, for any temperature. In the regression between molt increment and cephalothorax length (premolt), increasing temperature produced significantly (p < 0.05) lower slopes for M. borellii, but higher slopes for P. argentinus. In all cases, though, slopes were negative (Tab. III).
DISCUSSION
The species investigated in this study, Macrobrachium borellii and Palaemonetes argentinus, showed a high survival at 20°C (88 and 92%, respectively) and 25°C (96% for both species) suggesting that these temperatures are within the optimum temperature range for these prawns. In addition, the reduced survival at 15°C, and 30°C especially in P. argentinus, could indicate that these temperatures are near the thermal tolerance limits. These results show the thermal environment needed for prawns to live, and reflect a possible adjustment to achieve habitat segregation. In this context, both M. borellii and P. argentinus living in the middle Paraná River have a Tab. I. Duration of the intermolt period (IP) and the percentage of molt increment (MI), for both species during a two-month rearing period at four temperatures. Mean values ± standard error. Different letters indicate significant difference between temperatures (in lower case letters) or between species (in capital letters) (p < 0.05).
Tab. II. Regression parameters of the relationship between the intermolt period (IP) and the cephalothorax length in premolt (CL t ), for both species during a two-month rearing period at four temperatures ( n, number of specimens used in the regression; a, y-intercept; b, growth coefficient; r similar geographical distribution (Boschi, 1981) , but they modify their spatial arrangement within the lagoon and stream to segregate habitats. coLLins (2005) reported that in winter, M. borellii is more frequently find near the lagoon coast, while P. argentinus moved further away from the coast, showing a greater tolerance to cold water. Additionally, in spring and summer, when the river rises and the limits of the water bodies are not defined, new habitats are formed due to the widening of the water-land transition zone, therefore causing increased movements of juveniles, post-larvae and sexually active specimens. Moreover, the greater tolerance to elevated temperatures observed in M. borellii can confer an adaptive advantage, allowing this species to survive to temperature rise in freshwater environments caused by anthropogenic influences like pollution, deforestation and eutrophication processes (Bonetto & Wais, 1995) .
Ecdysis would determine a high growth rate if occurred a decrease in the duration of the intermolt period (i.e. an increase in molt frequency), an increase in size after molting, or a combination of both (passano, 1960) . In the present study, these components of growth were strongly influenced by temperature, yielding the different growth rates observed at the temperatures evaluated. Time between molt events decreased from about 22.2 to 9.9 days in M. borellii and from 20.8 to 9.5 days in P. argentinus, in correspondence with temperature increasing from 15°C to 30°C. These results agree with previous studies performed in Brazil on M. borellii by BonD & BucKup (1988) , which demonstrated that the relationship between temperature and intermolt shortening is high in small animals, while larger animals are less sensitive to temperature variations. A shortening of the intermolt period was also registered in Penaeus chinensis (Osbeck, 1765 (Osbeck, ) (chen et al., 1996 , P. semisulcatus (De Haan, 1844 ) (KuMLu et al., 2000 , and Fenneropenaeus chinensis (Osbeck, 1765) (Wu & Dong, 2002) at high temperatures. LoBão et al. (1996) observed a similar effect in M. amazonicum (Heller, 1862) and M. rosenbergii (De Man, 1879) . In field studies, spivaK (1997) reported that small specimens of P. argentinus studied in Mar Chiquita coastal lagoon (Argentina) grew quickly in summer, but growth of juveniles diminished in winter and restarted in spring. However, feLix & petrieLLa (2003) , although observed a marked annual variation in water temperature (4°C to 23°C) in the Los Padres Lagoon (Argentina), they did not notice any alteration in the molt frequency of P. argentinus prawns. This result could be attributed to the seasonal migration of the animals from the shore towards deeper zones in search of refuge from the adverse environmental conditions of winter, such as low temperatures and strong winds.
In several crustacean species, higher temperatures determine an increase in the molt increment during the juvenile phase, while during the mature growth phase the reverse is true (Kurata, 1962; hartnoLL, 1982) . In the present study, the juveniles of M. borellii significantly increased the percentage of molt increment from 15°C to 25°C, while P. argentinus did not. The greatest difference between species in the percentage of molt increment was seen at 25°C (2.31 ± 0.68 for M. borellii against 1.43 ± 0.49 for P. argentinus), which determined a faster growth rate with a few number of molts. This difference in growth could be an advantage for M. borellii in the use of both habitat and food resources during the juvenile phase. Previous studies indicate that theses prawns have similar trophic niche breadth, and when the most aggressive species (M. borellii) is found in high densities, especially in aquatic vegetation, the other one (P. argentinus) is found in a lower number (coLLins & paggi, 1998; coLLins, 2005) . Aquatic vegetation develops in association with islands, shallow lakes and the riparian area of the floodplain, showing the highest growth in the months when temperature exceeds 15°C (LaLLana, 1980) . This vegetation is related to an abundant trophic offer and refuges, due to its variety in fauna taxa and microhabits, including nematodes, oligochaetes, cladocerans, copepods, ostracods, amphipods, insects and molluscs (poi De neiff & carignan, 1997) . Possibly, the difference at the beginning of the reproductive period among speciesovigerous females occur from August in P. argentinus and from September in M. borellii (coLLins et al., 2007) represents a type of adjustment to a competitive pressure.
At the highest temperature (30°C) the percentage of molt increment declined in both studied species, and a higher mortality occurred. This reduction in growth suggests that little energy was left for growth, despite of the prawns being fed in excess. In addition, this could be the result of an increased metabolic consumption requiring a higher nutrient content than that provided by given food. coMan et al. (2002) reported a similar effect in Penaeus japonicus (Bate, 1888) reared at 31°C with respect to a greater growth rate observed at 27°C and 29°C. For hartnoLL (1982) , the depression of size increment in many crustaceans at elevated temperatures may be related to the abbreviation of the intermolt period, which perhaps permits the accumulation of only limited reserves for size increase. Besides, for this author, the higher respiratory rate at increased temperature may also contribute to this effect.
To conclude, this study shows that a temperature range between 20°C and 25°C is optimal for juveniles M. borellii and P. argentinus in terms of survival and growth rate. At these temperatures, the increment molt was high together with a relatively low intermolt period. However, in addition to the higher tolerance to elevated temperatures showed by M. borellii growth of this species was markedly higher than that of P. argentinus. The obtained results suggest interspecific variations in the growth patterns due to genetic differences, including the phenotypic plasticity or responsiveness to ecological factors. In M. borellii, rapid growth rate may be related to taking maximum advantage of abundant resources, and adaptation to dynamics of rivers and lakes.
